To investigate the influence of changes in activation on left ventricular ejection, the effects of right ventricular, left ventricular, and simultaneous pacing of both ventricles were studied in 6 Cardiac performance during ventricular pacing may be impaired in comparison with normal sinus rhythm both by loss of an appropriately timed atrial contraction, and by asynchronous ventricular contraction resulting from abnormal activation. The importance of the former has been documented in man by an increase in cardiac output and systemic arterial pressure during sequential atrioventricular pacing compared to that during ventricular pacing in patients with complete heart block due to myocardial infarction (Chamberlain et al., 1970) . In order to assess the effects of changes in ventricular activation on left ventricular ejection, we have compared the effects of right ventricular, left ventricular, and simultaneous pacing of both ventricles in patients immediately after replacement of the aortic valve with a Starr-* Edwards prosthesis. In these patients it was possible to study not only changes in aortic pressure and flow but also the initial force generated by the left ventricle as reflected in 4 the rate of movement of the ball of the prosthesis at the start of left ventricular systole,
To investigate the influence of changes in activation on left ventricular ejection, the effects of right ventricular, left ventricular, and simultaneous pacing of both ventricles were studied in 6 patients immediately after replacement of the aortic valve with a Starr-Edwards prosthesis. Variation in pacing site caused little or no change in systemic arterial pressure or cardiac output. However, the rate of movement of the ball of the prosthesis at the onset of left ventricular ejection was consistently greater during biventricular pacing than during pacing of the right ventricle alone, with intermediate values during left ventricular pacing. This provides evidence for the development of an increasedforce by the left ventricle at the onset of systole during biventricular pacing, resulting from a more synchronous contraction, and shows that such changes may occur in the absence of any alteration in the external work done by the left ventricle.
Cardiac performance during ventricular pacing may be impaired in comparison with normal sinus rhythm both by loss of an appropriately timed atrial contraction, and by asynchronous ventricular contraction resulting from abnormal activation. The importance of the former has been documented in man by an increase in cardiac output and systemic arterial pressure during sequential atrioventricular pacing compared to that during ventricular pacing in patients with complete heart block due to myocardial infarction (Chamberlain et al., 1970) . In order to assess the effects of changes in ventricular activation on left ventricular ejection, we have compared the effects of right ventricular, left ventricular, and simultaneous pacing of both ventricles in patients immediately after replacement of the aortic valve with a Starr-* Edwards prosthesis. In these patients it was possible to study not only changes in aortic pressure and flow but also the initial force generated by the left ventricle as reflected in 4 the rate of movement of the ball of the pros-using a phonocardiographic method (Gibson, Broder, and Sowton, I970) . Methods Six patients were studied in the recovery ward immediately after replacement of the aortic valve with a Starr-Edwards prosthesis. Clinical details are given in Table i . Throughout the period of study, all the patients were ventilated with intermittent positive pressure respiration using a Radcliffe Mark II respirator. All had been treated with digoxin, diuretics, and potassium supplements before operation, but these had not been administered since, and in none of the patients were catecholamines being infused. Haemodynamic measurements Systemic arterial pressure was measured through a radial artery cannula, using Statham P23Gb strain gauge transducers and a Devices direct-writing recorder, operating at paper speeds of 5, 25, and Ioo mm/ sec. Mean pressures were derived by electrical integration. In 5 patients, cardiac output was measured by the indicator dilution technique. Two ml indocyanine green were injected into the superior vena cava, and arterial blood was withdrawn from the radial artery cannula using a constant rate withdrawal pump at a speed of 2 ml/sec. After (Weissler, Harris, and Schoenfeld, I968) and ball travel time from ejection time less AIA2 interval (Gibson et al., I970) .
The values given in Table 2 are the mean of I0 consecutive beats.
The output of a Devices pacemaker in the demand mode was connected, through a selector switch ( Fig. I ) to electrodes placed at the time of operation on the right atrium, the right ventricle, approximately I-5 cm to the right of the interventricular groove, and on the lateral wall of the left ventricle. It was therefore possible to stimulate either ventricle singly or both simultaneously, using the right atrial lead as indifferent electrode, and to make changes without interruption of pacing.
When arterial pressure, central venous pressure, blood gases, and heart rate were stable on return from the operating theatre, right ventricular pacing was established at a rate of go/min, or I0 beats/min higher than the minimum rate at which capture occurred, whichever was the greater, and the threshold noted. Right ventricular pacing was confirmed by the presence of a positive deflection in lead I of the electrocardiograms. The threshold for left ventricular pacing was established in a similar way, and electrode placement confirmed by a negative deflection in lead I. In no case was there a difference of more than i volt between the thresholds of the two ventricles to pacing. Finally, simultaneous pacing of both ventricles was established (biventricular pacing), using a pacemaker output i volt higher than that for either ventricle separately.
When the threshold and position of the elec- (Table 3) .
Between patient variance Between patient variance ratios were significant for all quantities measured except QRS duration. They were not investigated further.
Discussion
When left ventricular activation is initiated from epicardial electrodes rather than through the normal conducting system, the resulting pattern of contraction is abnormal. This was first recognized by Wiggers (1925) This is associated with a slight reduction in arterial pressure. In addition, there has been a change in the configuration of the QRS complex as described in the text.
it was consistently shorter than when the impulse originated from either ventricle separately, suggesting that true fusion beats occurred. These changes were associated with evidence of an increase in the initial force generated by the left ventricle. Movement of the ball of an aortic Starr-Edwards prosthesis at the onset of ventricular systole is the result of the force generated by the left ventricle 
